ABSTRACT: Fat content (as % of total body wet wt) of the sprat Sprattus sprattus phalericus in the Black Sea was determined annually during the peak feeding period (i.e. summer) between 1960 and 2001. Interannual variations of this characteristic were quite high (from 8.0 to 16.0%). Sprat fat content can be used as an indicator of food supply (or recent feeding history). In the Black Sea, different periods could be distinguished with respect to food supply of this species: Period I (1960 to 1964) with stable sprat fat content values of 11.2 to 13.7%; Period II (1965II ( to 1972 
INTRODUCTION
The condition of marine fish stocks is usually characterized using data on abundance, biomass, catches, length-weight composition, sex ratio, distribution etc. (Ivanov & Beverton 1985 , Caddy & Griffiths 1990 , Laevestu 1993 , Caddy & Oliver 1994 , Prodanov et al. 1997 , Chashchin 1998 , Sinovcic 2000 , Daskalov 2002 . However, it is surprising that no reference is made to the food supply (or provision), despite the fact that food is one of the major factors connecting organisms with their environment.
Food supply of organisms or populations (F s ) could be described as the ratio between food consumed (F c ) and required (F r ):
The direct determination of these characteristics in field conditions is very difficult. The indirect determination of organism and population food supply is also confronted with serious problems since food supply is dependent on many factors including some that cannot be defined: (2) where A b is the biomass of fodder organisms, A ba is their availability, A c1 , …, A cn is the biomass of consumers of own species as well as competitors of other species, T is temperature, L is illumination (which is especially important for aquatic organisms), and X 1 , …, X n are undefined factors.
Nevertheless, there is a rather effective way of estimating food supply, which is the determination of one of the end products of the feeding process which reflects nutritional condition, such as weight increment (ΔW ) and accumulation of energy reserves (ΔE ). In the case of marine fish species, fat reserves can be examined:
Determining the weight increment in field conditions is also not an easy task; however, estimating fat content is an easy and useful method for evaluating the condition of fish. This process of energy accumulation begins every year almost from 'zero' following the spawning period and reaches a peak at the end of the intense feeding period. The content of reserve lipids at the time of feeding completion is, therefore, an integral indicator of conditions under which fish stocks or populations were fed (that is to say 'the food supply'):
(4) Determination of fat content is widely used for evaluating fish condition (see reviews : Shulman 1960 , Lovern 1964 , Love 1970 , Ackman 1980 , Shatunovsky 1980 , Kreps 1981 , Sidorov 1983 , Minyuk et al. 1997 . Unfortunately, however, most of these investigations did not look at the problem from a food supply point of view. Among the very few papers that have been published on the characterization of the feeding history of fish are those in which the food supply of larvae of Atlantic sardine Sardina pilchardus (Fraser et al. 1988) and Californian anchovy Engraulis mordax (Hakanson 1989a,b) was estimated using lipid parameters.
Assessments of the food supply of several marine fish populations by determination of accumulated fat stores (fat content) have been carried out by some authors since the 1960s (Shulman 1963 , 1974 , Shulman & Love 1999 . These investigations were devoted to Azov and Black Sea subspecies of European anchovy Engraulis encrasicolus maeoticus and E. e. ponticus (Shulman & Dobrovolov 1979) and Black Sea sprat Sprattus sprattus phalericus (Shulman et al. 1994 , Minyuk et al. 1997 . Sprat and anchovy are the 2 main small pelagic fish species of the Black Sea and have significant effects on the ecosystem. Sprat is a cold-tolerant, planktivorous fish, spawning in winter and forming local populations. It feeds intensively in spring and at the start of summer (Svetovidov 1964) , with considerable fat stores (about 10 to 15% of body mass; Shulman 1966) accumulating in June to August. We can characterize 'the degree of well-being' of sprat condition by estimating its fat content at the end of the intensive feeding period. Moreover, sprat condition in this period could be an indicator of the whole of the Black Sea's pelagic ecosystem.
The aim of our investigation was to trace the longterm changes in food supply of the Black Sea sprat stocks based on determination of their fat content dynamics. To this end, the objectives of investigation were to review how the characteristic studied was connected with (1) dynamics of sprat stock biomass, (2) dynamics of biomass of the lower trophic levels (i.e. zoo-and phytoplankton), and (3) stock condition of anchovy (the other mass pelagic fish in the Black Sea) as well as pelagic fishes of the Mediterranean and other basins of the World Ocean.
MATERIALS AND METHODS
The data on the Black Sea sprat fat content in this paper are based on samples obtained from the regions of main concentration of this species: the western coasts of Crimea (Region 1), the shelf zone of Romania and Bulgaria (Region 2), and the Caucasus coasts (Region 3) (Fig. 1 ). Fish were caught with trawling either by research or commercial vessels in summer (June to August) every year from 1960 until 2001 (excluding 1966, 1973, 1975 and 1993) . Information about the samples obtained is presented in Table 1 . A mean randomized sample of fish (about 100 ind.) was selected from every catch, which usually contained specimens of 60 to 90 mm in length. Fish were sorted at 5 mm size intervals, and then a minimum of 10 ind. from each size group were included in analyses. Hence, 4 to 5 dominant size groups were taken from every catch. Every group was separately homogenized. About 10 to 15 g of homogenate was dried in an oven at 100°C to a constant weight.
Fat content in dry matter was determined by the weight method with diethyl ether extraction in a Soxhlet apparatus (Ackman 1980 (Ackman ) between 1960 (Ackman and 1984 . This method of extraction was adequate to investigate triacylglycerol levels, the main energy reserves in the fish of the family Clupeidae (Hardy & Mackie 1969 , Ackman 1980 , Minyuk et al. 1997 , and a very appreciable component of the extracted lipids. A comparison of the results obtained by ether and chloroformmethanol (2:1) extractions was carried out (Minyuk et al. 1997). It was shown that the recovery ratio for sprat is 0.83:1. On the basis of the results obtained by ether extraction, the linear regression between fat (Y ) and dry matter (X) content in sprat body was calculated (n = 300; r = 0.9) (Minyuk et al. 1997) :
were Y and X are expressed in % of wet wt. Since 1985, fat content was determined by a calculation method based on the data for dry matter content. This calculation method has allowed us to simplify the procedure applied, to make it easily available, rapid, and to apply it over a large collection of representative data. This made it possible to complete all analyses not only in a stationary laboratory but also on board the vessel. Later, the methods used will allow us to compare our results with a considerable massive data base on fat content of large number of fish species obtained from the beginning of the past century until the 1960s, when only the diethyl ether extraction method was widely used.
All 702 sprat samples were analyzed (about 19 000 fish) from 188 different catches (90, 56 and 42 catches from Regions 1, 2 and 3, respectively). Statistical analyses of the data obtained followed. Mean values of sprat fat content for every catch were calculated. Average fish fat content for every region was calculated on the basis of these mean values. Spatial variability of sprat fat content was estimated for those years for which there were samples from compared regions. As is pointed out in Table 1 , simultaneous determination in all 3 regions was carried out for 5 years (1960 to 1962, 1983 and 1987) ; there are data for some other years (1967 to 1972, 1977, 1981, 1982, 1984 to 1986, 1988 to 1992) that are simultaneous for 2 regions. For each case, a null-hypothesis was put forward to check the absence of differences in sprat fat content from different regions by using single factor analysis of variance (ANOVA) and a 2-sample hypothesis testing for difference between 2 means (Zar 1984) . For analysing the temporal (interannual) variability of data, factorial ANOVA was also used.
RESULTS
Average values and their standard errors of Black Sea sprat fat content during the intense feeding period (summer months) in 1960 to 2001 are represented in Table 2 for every region. Statistical analysis did not show significant spatial variations in fish fat content from different regions (excluding a single case in 1990) compared to interannual differences. The data for 3 regions were, therefore, pooled and further analyzed as a common temporal data set. Results of ANOVA on temporal variability showed that interannual variation was higher than spatial variation, being equal to 465/713 = 0.652, i.e. about 65% of total dispersion (Table 3 ). The mean value of error for a single observation can be obtained as the square root of dispersion MS (within groups): (6) An error for the mean value from several observations was then calculated with the formula: (7) where n is the number of observations (catches) during the year. The values of standard errors calculated by this method are represented in the last column of Table 2 . The average long-term fat content of sprat was 11.74 ± 0.28% but fluctuated considerably from year to year (interannual coefficient of variation CV = 14.6%). The analysis of the curve obtained allowed us to tentatively select several periods in interannual fat content dynamics of sprat (Fig. 2) . Period I (1960 Period I ( to 1964 was the 'start' of our examination when fat content values (range 11.2 to 13.7%) were generally higher than the interannual mean. Period II (1965 II ( to 1972 
DISCUSSION

Relationship between sprat fat content and some other parameters of the Black Sea ecosystem
The dynamics of the Black Sea sprat fat content are, to a large degree, similar to the long-term changes of stock value (biomass) of this fish, as determined from acoustical surveys and catches undertaken by the Kerch Institute of Marine Fishery and Oceanography, YugNIRO (Domashenko et al. 1985 , Chashchin 1998 (Fig. 3A) . Both fat content and stock biomass were at low levels in the second half of the 1960s and the beginning of the 1970s. The values of both parameters increased during most of the 1970s, the highest levels being reached at the beginning of the 1980s. Strong fluctuations in fat content and stock biomass were observed during the 1980s, followed by a decrease to low levels in 1990, and an increase in the following years. Two years (1986 and 1987) do not correspond to the general trend; high sprat biomass but low fat content values were obtained, the reasons for which are discussed in the next section. Overall, a positive relationship was revealed between fat content and sprat biomass (Fig. 3B) . If the 2 years noted above are excluded from the analysis, the correlation between these parameters is rather high (r = 0.65; p < 0.001).
In the Black Sea, sprat feed on mesozooplankton. The data on long-term variability of fodder (i.e. edible, excluding mass occurring gelatinous dinoflagellate Noctiluca scintillans) mesozooplankton biomass since 1960 until 1988 in the north-western part of the Black Sea (one of the feeding regions for planktivorous fishes) are represented in Fig. 4 (Kovalev et al. 1998) . For most of the investigation period, a resemblance between data on mesozooplankton density and on fat content or sprat stock biomass was not observed. However, a positive trend between the dynamics of sprat fat content and phytoplankton biomass (Mikaelyan 1997) in the Black Sea was revealed (Fig. 5 ).
Sprat fat content as an indicator of stock condition
The data on the long-term dynamics of fat content in sprat stock show that its food supply in the Black Sea fluctuates considerably. A decrease in sprat fat content and consequently in food supply is observed between the first half of the 1960s and the early 1970s. During this period, concentrations of phytoplankton were stable and low (Mikaelyan 1997) , or even decreased (Bryantseva et al. 1996) . Primary production was also reported to be low during this period (Vedernikov & Demidov 1993) . Sprat stock biomass (according to surveys in May) were low (Domashenko et al. 1985, Kovalev et al. 1998) Chashchin 1998). In the Black Sea, the second half of the 1970s and the entire 1980s were characterized by an increase in eutrophication (Vinogradov et al. 1992 , Zaitsev 1993 , Sorokin 2002 . In the beginning, the eutrophication was accompanied by an increase in sprat fat content and stock biomass (Period III, especially in 1980 and 1981) , and then with strong fluctuations in sprat fat content and stock biomass (Period IV)
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. These years were also characterized by a rise in phytoplankton concentration (Mikaelyan 1997) . The decrease in sprat fat content and biomass in 1983 was probably caused by an outburst in the abundance of the medusa Aurelia aurita, the major competitor of planktivorous pelagic fishes including sprat (Mironov 1971 , Anninsky 1990 , Niermann et al. 1994 ).
An analogous situation occurred at the end of the 1980s and the beginning of the 1990s when a mass explosion of the alien ctenophore Mnemiopsis leidyi undermined the food base of the planktivorous fishes (Vinogradov et al. 1992 , Zaitsev 1993 , Sorokin 2002 . The data points for 1986 and 1987 differed considerably from the others (see Fig. 3B ); this could be explained as follows: the food supply was decreased due to the extremely high sprat biomass in these 2 years.
Undoubtedly, the dynamics of fat content demonstrate the strong trophic competitive relationships of sprat in the Black Sea at the interspecies as well as the intraspecies levels. Long-term fluctuations of fat content show the limiting significance of food supply in the biology of this species. If this were not the case, sprat fat content at the peak feeding period would only exhibit insignificant changes. Surely, this is not only valid for Black Sea sprat but also for all living organisms for which reserve lipids can provide the main sources of energy. In contrast to sprat, data on fat content of anchovy (another species occurring in high numbers in the Black Sea pelagial) are scarce for comparative studies. However, similar to sprat, the biomass of anchovy first increased during the 1970s and the early 1980s, and then sharply decreased at the end of the 1980s and the beginning of the 1990s (Domashenko et al. 1985 , Prodanov et al. 1997 , Chashchin 1998 , Kideys 2002 .
What are the reasons for the similarity in the longterm dynamics of the Black Sea sprat fat content with its stock dynamics (and with that of anchovy) as well as with phytoplankton biomass? First of all, there is undoubtedly a food supply effect on fish population via 2 channels: (1) accumulation of energy stores and (2) improving conditions for maturation, spawning and growth as a result of provision of reproductive and somatic processes with substance and energy. Energy stores are also undoubtedly significant for the survival of adult individuals during spawning and food deficiency (Shulman 1974 , Shulman & Love 1999 . It is more difficult to explain similar long-term changes of sprat fat content with anchovy stock biomass. Surely both species show spatial and temporal variations (e.g. as opposed to cold-tolerant sprat, warm-tolerant anchovy increase in biomass in the second half of the year). One could assume that the main pelagial components would respond similarly to strong external influences in any ecosystem, including the Black Sea. In the present case, sprat is an 'indicator' species that characterizes the condition of the Black Sea pelagic ecosystem as a whole. The most difficult aspect to explain is the absence of complete correspondence in the general trend between the interannual dynamics of sprat fat content and biomass of total phytoplankton (Mikaelyan 1997) or chlorophyll a concentration (Yunev et al. 2002) , as well as of the dynamics of nutrient concentrations (Konovalov et al. 1999 ). In the 1970s, these parameters varied in the same direction. In 1980, a strong rise of sprat stock biomass and its high fat content corresponded well with a relatively high summer concentration of phytoplankton (Mikaelyan 1997) , as well as with a high phytoplankton biomass during the winter-spring period (Bryantseva et al. 1996) . In the following years, however, peak values in phytoplankton biomass did not correspond to sprat fat content. This was particularly clear in 1988 to 1990 when the mass explosion of the ctenophore Mnemiopsis leidyi occurred (Niermann et al. 1994 , Shiganova et al. 2001 , Kideys 2002 . However, this case also has a wellgrounded explanation. The steady increase in eutrophication in the 1970s led to a high nutrient saturation in the 1980s (Prodanov & Daskalov 1992 , Vinogradov et al. 1992 , Zaitsev 1993 , Sorokin 2002 . This eutrophication, which affected all levels in the trophic chain, caused the abundance and biomass of pelagic planktivorous fishes (anchovy and sprat) as well as those of competing animals at the same trophic level (i.e. Aurelia aurita and later M. leidyi) to increase. We can classify all these species in the upper trophic level for the Black Sea. Strictly speaking, there are higher trophic level animals such as predator fishes (e.g. horse-mackerel), sea birds and dolphins in this ecosystem, but their overall significance on the adjacent trophic level is not substantial (Sorokin 2002) . According to some investigations, pelagic fishes (i.e. mainly anchovy and sprat) consume no more than 10% of the food zooplankton production in the Black Sea (Shulman & Urdenko 1989 , Shulman & Love 1999 , Sorokin 2002 . In contrast, the medusa Aurelia and the ctenophore Mnemiopsis in the period of their peak explosion consumed up to 60% of the fodder zooplankton production (Anninsky 1990 , Finenko et al. 2001 , Sorokin 2002 . Gelatinous organisms, being a cul-de-sac in the food chain, are in strong competition with planktivorous fishes, resulting not only in a decrease in fish stocks but also in the accumulation of fat reserves. It was for this reason alone that sprat fat content during the 1980s exhibited such sharp interannual fluctuations. We call these years the 'period of the rolling boat' (Period IV).
Over the next few years, a stabilization in Mnemiopsis abundance (Kideys & Romanova 2001 , Shiganova et al. 2001 led to the recovery of the food base of planktivorous fishes. Sprat stock biomass and fat content, therefore, increased (Periods V and VI) as did anchovy catches . The data on chlorophyll a concentration were also in agreement with these events (Yunev et al. 2002) , when the increased levels of mesozooplankton kept the primary production at moderate levels in response to the decreased nutrient input from major rivers.
It is worth noting the absence of similarity in interannual variations between sprat fat content (or sprat biomass) and food zooplankton biomass; this was contrary to expectations. The matter is complicated by the fact that these 2 trophic links are directly connected within a 'predator-prey' relationship and, therefore, mutually influence each other. Their interactions thus depend to a considerable extent on whether bottom-up or top-down processes prevail (Oguz et al. 2001) . This is especially clear with respect to the Black Sea sprat. A steady decrease in the mesozooplankton biomass in the Black Sea pelagial stocks from the middle of the 1960s to the end of the 1980s was accompanied by sharp increases in sprat stocks and fat content values, that is to say in food supply. This paradoxical phenomenon is demonstrated in Fig. 6 , which reflects the dynamics of the ratio between the biomasses of food mesozooplankton and sprat. It is clearly shown that this ratio sharply decreased (> 5-fold) at the beginning of the 1970s in comparison to the preceding years and did not recover until the end of the 1980s. From Eqs. (2) to (4), it can be seen that this does not imply a worsening of sprat food supply, as during this period an increase in sprat biomass and fat content was observed, demonstrating an improvement in feeding conditions. Mesozooplankton biomass is controlled by predators (i.e. top-down), not so much by sprat, but to a higher degree by gelatinous organisms which graze ). The data presented in Figs. 3A & 4 were recalculated using an average layer of 50 m depth for mesozooplankton and a total sea area of 423 × 10 3 km 2 for sprat to obtain dimensionless values of the ratio considerably more on mesozooplankton than do small pelagic fishes. This fact provides additional confirmation of the considerable structural changes which occurred in the Black Sea at the beginning of the 1970s and brought about a transformation in the whole pelagic ecosystem (Vinogradov et al. 1992 , Zaitsev 1993 , Sorokin 2002 . Based on analyses of the longterm dynamics of the main components of the Black Sea ecosystem as well as on results of modeling, considerable changes occurred in the pelagial trophic web in the early 1970s (Daskalov 2002) . Specifically, if before the 1970s zooplankton development was mainly limited by primary production levels, later this development was being controlled by small planktivorous fish and mainly by jellyfish. This, in our view, explains why there is an absence of correlation between the dynamics of zooplankton biomass and sprat fat content. It is widely known that the feeding base of planktivorous fishes is often estimated, not on the preceding trophic level, but instead on the phytoplankton biomass or primary production (Vucetic 1988 , Caddy 1990 , Caddy & Griffiths 1990 , Tudela 1992 , Lalli & Parsons 1997 . In the Black Sea, successful comparisons between sprat stock biomass and phytoplankton concentration have been carried out by Samyshev (1997) . Ideally, the condition of the feeding base of these fish should be estimated not from mesozooplankton biomass but rather from its production, which is very difficult to evaluate.
Possible significance of climatic and anthropogenic factors
Is it necessary to ask to what degree the observed variations in the Black Sea sprat condition and other characteristics of the pelagic ecosystem are the result of climatic (hydro-meteorological) or anthropogenic effects? We mention the last as eutrophication is caused by increased nutrient-rich river inflow and pollution. Fishery intensity may also be considered as an anthropogenic factor affecting the dynamics of fish stocks (Caddy & Griffiths 1990 , Gucu 2002 . We think, however, that the sprat and anchovy removed by fisheries do not represent more than 30% of the total stocks in the Black Sea (Ivanov & Beverton 1985) . Such fishery levels are unlikely to be the primary influence on the long-term tendency of these characteristics for short-lived small pelagics; however, fishery undoubtedly affects stock structure.
Climatic factors, which have long-term regularity, probably contributed to the variations which occurred in the Black Sea pelagic ecosystem between the early 1960s and 1970s. This was a cooler period in the Black Sea (Ovchinnikov & Osadchy 1991) . Most of the 1970s and the entire 1980s were characterized by a warming period. During this period, both natural and anthropogenic factors contributed to high levels of all the characteristics considered (excluding mesozooplankton biomass). In the 1980s, intensive pollution added to eutrophication (Bologa et al. 1995 , Konovalov 1995 . During the peak of 'nutrient saturation', the 'immunity' of the pelagic ecosystem decreased sharply 2 . As a result, at the end of the 1980s, the immense explosion of the ctenophore Mnemiopsis leidyi occurred that led the Black Sea pelagic ecosystem and its main components to the brink of catastrophe. During the 1990s, naturalization of Mnemiopsis to this new environment took place. This was a period of reduced abundance due to decreased levels of mesozooplanktonn (Prodanov & Daskalov 1992 , Niermann et al. 1994 , Kideys & Romanova 2001 , Shiganova et al. 2001 . The appearance of the predator ctenophore Beroe ovata during the second half of the 1990s was a positive event for the ecosystem as it voraciously consumed Mnemiopsis, relaxing its pressure on mesozooplankton (Finenko et al. 2001 , Kideys 2002 , during the period when a reduction in eutrophication and pollution had also taken place (due to economic crises in most of the Black Sea countries). All of these factors were significant for the recovery of the pelagic ecosystem (Kideys 2002) , including the condition of pelagic fish stocks and their food supply. A close and complex interaction of natural (climatic) and anthropogenic factors was, thus, responsible for the regulation of processes that occurred in the Black Sea ecosystem.
Comparison with other marine basins
How do the same parameters vary in other marine ecosystems? Does the situation in the Black Sea have a local character or does it reflect a more generalized (i.e. global) process occurring on our planet? We first consider the Mediterranean as it is the closest to the Black Sea. The Adriatic Sea, which is part of the Mediterranean, is the most similar to the Black Sea in respect to its hydrological and ecological features (Caddy 1990) . Both the Adriatic and the Black Seas have, there are clearly expressed spatial water stratification, large river inflows and a vast shelf area in the northern part (analogous to of the north-western part of the Black Sea). The same pelagic fish species (different subspecies of anchovy Engraulis encrasicolus mediterraneus and sprat Sprattus sprattus sprattus) live in the Adriatic Sea. Unfortunately, we were not able to find references in the literature to any long- We mean 'immunity' as capacity for resistance to adverse effects term data on the fat content of these species or in others (e.g. Sardina pilchardus) in the Adriatic Sea or in the Mediterranean as whole, which could be compared with extensive data on the Black Sea sprat. However, there are data on the long-term variability of stock biomass and catches for Adriatic sprat and anchovy (Vucetic 1988 , Caddy 1990 , Caddy & Oliver 1994 , Arneri 1996 , Fiorentini et al. 1997 , Cingolani et al. 1998 , Sinovcic 2000 , Azzali et al. 2001 , Bombace 2001 .
The data on sprat biomass variability in the Adriatic from 1977 to 1996 (Azzali et al. 2001 ) are similar to the data on Black Sea sprat fat content. Both increase similarly from the early 1970s until the 1980s, biomass fluctuates strongly during the 1980s, falls catastrophically in 1989, and recovers in the first half of the 1990s. The sole discrepancy is that Adriatic stocks again sharply decreased during the second part of the last decade, the reason for which is not clear to us. The data on anchovy in the Adriatic Sea (Sinovcic 2000 , Bombace 2001 show similar tendencies: the same steady biomass and catch increment from the 1970s to the 1980s and a sharp decrease in 1989 with an increase following in 1994. The abundance, biomass and primary production of phytoplankton in the Adriatic Sea behave in a similar manner (Vucetic 1988 , Caddy 1990 , Marasovich et al. 1998 ). The long-term dynamics of the hydrometeorological regime, eutrophication and pollution in the Adriatic Sea are, in general, similar to those in the Black Sea (Caddy 1990 , Halim 1992 , Konovalov 1995 . These similarities indicate a common factor (or group of factors) acting on both ecosystems.
These factors include not only climate but also increased eutrophication and pollution. As for 'immunity', the Adriatic ecosystem also weakened towards the end of the 1980s, similarly to that of the Black Sea. Although the catastrophic events caused by Mnemiopsis invasion were absent in the Adriatic Sea, some other adverse phenomena caused by massive mucus accumulation (gelatinous aggregates, or so-called 'marine snow') took place (Maley 1995) . This process decreased the oxygen concentration of the water and consequently caused considerable elimination of many components of the pelagic ecosystem. Unexpectedly, during this period, a considerable increase in biomass and catches of sardine was observed (Caddy 1990 , Arneri 1996 , Cingolani et al. 1998 , Marano et al. 1998 , Bombace 2001 . Perhaps favorable environmental conditions for sardine do not conform to those for anchovy and sprat. The rise of phytoplankton biomass reveals an increase in nutrient levels in the Adriatic Sea. The sardine Sardina pilchardus may play the same role in the Adriatic Sea as the medusa Aurelia aurita and ctenophore Mnemiopsis leidyi in the Black Sea, namely an inhibitor for sprat and anchovy stocks. Nevertheless, fishery pressures on the increased phytoplankton levels cannot be excluded (Caddy & Griffiths 1990) , although Bombace (2001) disagrees with this.
Data on other regions of the Mediterranean basin also show trends comparable with the Adriatic and Black Seas (Caddy & Griffiths 1990 , Caddy & Oliver 1994 , Lleonart & Recasens 1996 , Fiorentini et al. 1997 ). This includes the anchovy stock biomass and catches in the Ionian and the Aegean seas (Stergiou 1988) , the Tyrrhenian Sea (Arneri 1996, Bombace 2001), Lyons Bay, Catalonia region, the Bolear and the Andaluse Seas (Lopez-Cazorla & Sanchez 1986 , Pertierra & Lleonart 1992 ). In the Catalonia region, a relationship between anchovy catches and primary production was reported (Tudela 1992) .
Moreover, some other data show that similar interannual dynamics are also observed in other seas of the Atlantic basin (Caddy 1990 , Laevastu 1993 (Shelton et al. 1993) , California anchovy E. mordax and California sardine Sardinops caerulea and Japanese sardine S. sagax melanostica (Lluch-Belda et al. 1992) . In all of these cases, a rise of stock biomass and catches from the 1970s to 1980s, a strong fall at the end of the 1980s, and a recovery (in those cases where data are available) in the 1990s were observed.
Undoubtedly, the long-term fluctuations revealed have a global character as was suggested by Niermann et al. (1999) , who analyzed the dynamics of plankton biomass in the World Ocean, and by Klyashtorin (1998 Klyashtorin ( , 2003 who studied the dynamics of catches and stock biomass of marine fishes. The latter scientist related these dynamics with the long-term oscillations in the rotational velocity of the Earth as affecting the intensity of circulation in the oceans. A significant amount of information considering the regularity of climatic changes in the World Ocean that are relevant to the dynamics of fish stocks can be found in the publications of Levitus (1994) , Doumenge (1997) , Issar (1997), and Lalli & Parsons (1997) .
We conclude that: (1) data on fish fat content (as we have demonstrated using the the Black Sea sprat as an example) provide a powerful indicator for characterizing one of the most important features of stock condition (i.e. food supply); (2) this indicator is closely related to other characteristics of stock condition (especially with biomass); (3) due to the simple and rapid method of determination, which allows large numbers of field samples, fish fat content could be used as an indispensable parameter for monitoring the general condition of populations as well as of pelagic ecosystems.
